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$GPLQLVWUDWLYHO\ WKH VWXGLHG DUHD LV ORFDWHG ZLWKLQ RQH RI WKH PDLQ RLOSURGXFLQJ UHJLRQV RI 5XVVLD ± WKH
5HSXEOLFRI7DWDUVWDQZKHUHK\GURFDUERQGHSRVLWVRIVHGLPHQWDU\FRYHUDUHDFWLYHO\GHYHORSHG7KHVWUXFWXUHRIWKH
7DWDU DUFK KDV WZR OHYHOV WKH ORZHU RQH LV UHSUHVHQWHG E\ FU\VWDOOLQH URFNV RI WKH EDVHPHQW WKH XSSHU RQH LV
UHSUHVHQWHG E\ GHSRVLWV RI D VHGLPHQWDU\ FRYHU 7KHZHDWKHULQJ FUXVW RQ WKH EDVHPHQW RFFXSLHV DQ LQWHUPHGLDWH
SRVLWLRQDQGLVFRYHUHGE\VHGLPHQWDU\URFNVRI'HYRQLDQ&DUERQLIHURXV3HUPLDQDQG&HQR]RLFDJHRIDWKLFNQHVV
IURP  WR P7KH EDVHPHQW RI WKH7DWDU DUFK LV FKDUDFWHUL]HG E\ D FRPSOH[ JHRORJLFDO VWUXFWXUHZLWK
VWURQJWHFWRQLFGLVVHFWLRQIRUPHGE\DV\VWHPRIEORFNVIDXOWVRIGLIIHUHQWRUGHUDQGOHQJWK7KH7DWDUDUFKFRQVLVWV
RI WKH 6RXWK DQG 1RUWK7DWDU DUFK 7KH VHGLPHQWDU\ FRYHU RI WKH 6RXWK7DWDU DUFK LQFOXGHV PDMRU K\GURFDUERQ
GHSRVLWV ± WKH 5RPDVKNLQR ILHOG DQG LWV VDWHOOLWHV $FFRUGLQJ WR WKH VWUDWLJUDSKLF VFKHPHV EDVHPHQW URFNV DUH
GLYLGHG LQWR WZR FRPSOH[HV GLIIHULQJ LQ WKH GHJUHH RI PHWKDPRUSKLVP WKH XSSHU $UFKHDQ ± ORZHU 3URWHUR]RLF
JUDQXOLWHJQHLVV FRPSOH[ DQG WKH 3URWHUR]RLF VFKLVWJQHLVV FRPSOH[ 7KHPDLQ GLIIHUHQFHV RI URFNV VXEMHFWHG WR
ZHDWKHULQJ DUH UHSUHVHQWHG E\ JQHLVV DQG FU\VWDOOLQH VFKLVW URFNV LQFOXGLQJ WZR IRUPDWLRQV DOORFDWHG E\ WKH
TXDQWLWDWLYH UHODWLRQ RI URFNIRUPLQJPLQHUDOVPDILWHVLOLFHRXV DQG DOXPLQRXVKLJKO\ DOXPLQRXV IRUPDWLRQV 7KH













,QSUH'HYRQLDQ WLPH GXH WR WKHZDVKLQJRXW DQG WKH VXEVHTXHQW SURFHVVHV RI UHGHSRVLWLRQRI VXEVWDQFH WZR
W\SHV RI ZHDWKHULQJ FUXVW ZHUH IRUPHG GLVSODFHG DQG QRQGLVSODFHG UHVLGXDO 7KH IROORZLQJ WKUHH W\SHV RI






WKH FU\VWDOOLQH EDVHPHQW WR ZHDWKHUHG URFNV ZLWK LQFUHDVHG UDWH RI DOWHUDWLRQ XS WR WKH SURILOH DV ZHOO DV
PLQHUDORJLFDO DQG JHRFKHPLFDO ]RQLQJ RI ZHDWKHULQJ SURILOHV $QDO\VLV RI DYDLODEOH GDWD VKRZV WKDW ZHDWKHULQJ
FUXVWRIWKHDUHDOW\SHZLWKVLJQLILFDQW]RQLQJLVPDLQO\GHYHORSHGLQWKHVWXGLHGDUHD7KHZHDWKHULQJFUXVWRIOLQHDU
W\SHKDVQRFOHDU]RQLQJ
'DWD RI RXU UHVHDUFK WHVWLILHV WKDW ZHDWKHULQJ FUXVW IRUPDWLRQ SURFHHGHG EHFDXVH RI D FRQVHFXWLYH FKDQJH RI
ZHDWKHULQJ SURFHVVHV GLVLQWHJUDWLRQ K\GUDWLRQ OHDFKLQJ K\GURO\VLV DQG R[LGDWLRQ 7KHUHIRUH WKH ]RQDO
GLVWULEXWLRQRI WKHFUXVW LVHVWDEOLVKHG)URPWKHERWWRPXS WKHSURILOHRIZHDWKHULQJ]RQHVYDULHV LQPLQHUDODQG
FKHPLFDOFRPSRVLWLRQGLVLQWHJUDWLRQFHPHQWDWLRQK\GUDWLRQOHDFKLQJR[LGDWLRQDQGD]RQHRIVHFRQGDU\K\GUDWLRQ
6LWGLNRYD DQG 6LGRURYD  $QRWKHU IHDWXUH RI WKH FRUH IRUPDWLRQ RI WKLV UHJLRQ LV WKH GHYHORSPHQW RI DQ
LQFRPSOHWH FRUH SURILOH ZKLFK LV LQ PRVW FDVHV SUHVHQWHG RQO\ E\ WKH ORZHU ]RQHV 7KH LQWHQVLW\ RI ZHDWKHULQJ
SURFHVVHVDQGWKHIRUPDWLRQRIFOD\PLQHUDOVLQFUHDVHVIURPWKHORZHUWRWKHXSSHU]RQHVRIWKHSURILOH
7KH SURILOH RI WKH ZHDWKHULQJ FUXVW SHQHWUDWHG E\ ZHOO 1R LQWHUYDO  P ORFDWHG ZLWKLQ WKH
FHQWUDO SDUW RI WKH 6RXWK7DWDU DUFK UHIHUV WR DQ LQFRPSOHWH UHVLGXDO W\SH RI DUHDO RI ZHDWKHULQJ FUXVW ZLWK D
WKLFNQHVVRIPDFFRUGLQJ WR WKHZHOOFRUHGDWD5RFNVRI WKHFU\VWDOOLQHEDVHPHQWVXEMHFWHG WRZHDWKHULQJDUH
SUHVHQWHGE\JDUQHWELRWLWLFJQHLVVHV)LJXUHDE7KHZHDWKHULQJSURILOH LQFOXGHVWZR]RQHVGLVLQWHJUDWLRQDQG
K\GUDWLRQ OHDFKLQJ$FFRUGLQJ WR WKH FRQWHQW RI FOD\PLQHUDOV WKH URFNV EHORQJ WR WKH LOOLWHNDROLQLWH DVVRFLDWLRQ
)LJXUHD I7KHFRQWHQWRI LOOLWHGHFUHDVHVXS WKHSURILOH DQGGRHVQRWH[FHHGLQ WKHK\GUDWLRQOHDFKLQJ
]RQH7KHILQDOVWDJHRIWKHFOD\PLQHUDOWUDQVIRUPDWLRQGXHWRZHDWKHULQJLVNDROLQLWH,WGHWHUPLQHVLWVOHDGLQJUROH
LQ FRPSRVLWLRQ RI FOD\ FRPSRQHQW RI WKHZHDWKHULQJ FUXVW ERWK LQ WKLVZHDWKHULQJSURILOH DQG LQ WKHPDMRULW\ RI
VWXGLHGSURILOHVRIWKH7DWDUDUFK
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P DFFRUGLQJ WR WKH FRUH GDWD:HDWKHULQJ SURFHVV JRHV RQZLWK ELRWLWHSODJLRFODVH JQHLVVHV )LJXUH F DQG
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DUHLQFUHDVHGGXULQJWUDQVLWLRQIURPGLVLQWHJUDWLRQ]RQHWRK\GUDWLRQOHDFKLQJ]RQHFRQILUPLQJWKHLQFUHDVHGUDWHRI
ZHDWKHUHG URFNVXS WKHSURILOH DQG VKRZLQJ WKH IRUPDWLRQRI WKLVZHDWKHULQJFUXVW LQZDUPFOLPDWHV )HGRHW DO
1HVELWWDQG<RXQJ+DUQRLV/3ULFHDQG9HOEHO
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)LJXRD patterns of air-dried samples (diffractometer DRON-3M, CuKĮ): D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$Q H[DPSOH RI WKH OLQHDU W\SH RI ZHDWKHULQJ FUXVW LV WKH SURILOH RI ZHOO 1R  GULOOHG RQ WKH VLGH RI WKH
.DPVN\.LQHOVN\ V\VWHP RI GHIOHFWLRQV LQ DQ DUHD RI WHFWRQLF IDXOWV 7KH WKLFNQHVV RI WKH ZHDWKHULQJ FUXVW
GHYHORSHG RQ FU\VWDOOLQH VFKLVW )LJXUH G LV  P DFFRUGLQJ WR WKH FRUH GDWD 7KH DFWXDO WKLFNQHVV RI VXFK




LQ WKH SK\VLFDO SURSHUWLHV RI URFNV ZKLFK LV UHIOHFWHG LQ WKH LQFUHDVH RI WRWDO  DQG HIILFLHQW 
SRURVLW\6LGRURYDDQG6LWGLNRYD7KHHVWDEOLVKPHQWRIRLOLQJUHVVIURPURFNVRIWKHZHDWKHULQJFUXVWRIWKH

















hydration and leaching zone disintegration zone hydration and leaching zone disintegration zone
6L2       
7L2       
$O2       
)H2       
0Q2       
0J2       
&D2       
1D2       
.2       
32       
/2,       
7RWDO       
&,$ 79.7 74.1 68.1 54.9 76.6 55.2 49.4 
&,: 83.8 82.3 81.5 67.2 76.5 68.8 52.5 
3,$ 83.0 80.1 77.0 57.7 76.6 58.6 49.3 
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